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ASYMMETRICAL FILTERING TO IMPROVE
GNSS PERFORMANCE IN PRESENCE OF
WIDEBAND INTERFERENCE

PRIORITY

This application 1s based on and claims priority under 335
U.S.C. § 119(e) to U.S. Provisional Patent Application Ser.

No. 62/661,380 filed on Apr. 23, 2018, the entire disclosure
of which 1s mncorporated herein by reference.

FIELD

The present disclosure relates generally to navigation
systems, and more particularly, to providing performance
improvement in global navigation satellite system (GNSS)
receivers via asymmetrical filtering, particularly 1n the pres-
ence of wideband interference.

BACKGROUND

Satellite navigational systems provide positional and tim-
ing 1nformation to earth-bound receivers, sometimes
referred to as position, velocity, and timing (PV'T) and/or
position, navigation, and timing (PN'T) measurements. Each
system has 1ts own constellation of satellites orbiting the
Earth, and, 1n order to calculate its position, a receiver on
Earth uses the satellites “in view” (1.e., 1 the sky above)
from that system’s constellation. GNSS 1is often used as the
generic term for such a system, even though such naviga-
tional satellite systems include regional and augmented
systems—1.e., systems that are not truly “global.” The term
“GNSS,” as used herein, covers any type of navigational
satellite system, global, regional, augmented or otherwise,
unless expressly indicated otherwise.

SUMMARY

According to one aspect of the present disclosure, a
method 1s provided for a global navigation satellite system
(GNSS) recerver, including detecting wideband interference
in a received target GNSS signal and applying an asymmet-
ric filter to the received target GNSS signal to mitigate the
detected wideband interference.

According to another aspect of the present disclosure, an
apparatus 1s provided, which includes one or more non-
transitory computer-readable media; and at least one pro-
cessor which, when executing instructions stored on one or
more non-transitory computer readable media, performs the
steps of detecting wideband interference 1n a received target
GNSS signal and applying an asymmetric filter to the

received target GNSS signal to mitigate the detected wide-
band interference.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the present disclosure will be more
apparent from the following detailed description taken 1n
conjunction with the accompanying drawings, in which:

FI1G. 1 1llustrates an exemplary block diagram of a GNSS
receiver recerving GNSS signals, according to one embodi-
ment;

FIGS. 2A and 2B 1illustrate exemplary graphs showing the
second harmonic wideband interference bands of LTE bands
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2

13 and 14 in relation to the GPS L1 C/A signal and the
Galileo E1 signal, respectiully, according to one embodi-

ment,

FIG. 2C illustrates an exemplary graph showing the
relatively wideband GPS L5 signal, according to one
embodiment;

FIGS. 3A-3C illustrate exemplary plots of symmetrical
filter passbands, according to one embodiment;

FIGS. 4A-4B 1llustrate exemplary plots of asymmetrical
filter passbands that are particularly eflective at mitigating
wideband interference on the GPS L1 C/A signal, according
to one embodiment;

FIGS. 5A-5B 1illustrate exemplary plots of asymmetrical
filter passbands that are particularly effective with 1solating
cither the lower vestigial sideband or the upper vestigial
sideband of the GPS L1 C/A signal, according to one
embodiment;

FIG. 6 illustrates an exemplary block diagram of the
relevant components in the recerve chain of a GNSS recerver
which applies pre-stored asymmetric filter coetlicients to
mitigate LTE band 13 and/or LTE band 14 wideband inter-
ference, according to one embodiment;

FIG. 7 illustrates an exemplary block diagram of the
relevant components 1n the receive chain of a GNSS recerver
with an adaptable programmable asymmetric filter block for
dynamically filtering signals from different GNSS systems,
according to one embodiment;

FIG. 8 1llustrates an exemplary flowchart of a dynamic,
real-time asymmetric filtering method, according to one
embodiment;

FIG. 9 1s an exemplary plot illustrating the frequency
selective fading of a received GPS L35 signal, according to
one embodiment;

FIG. 10 illustrates an exemplary flowchart of a method for
mitigating the eflects of frequency selective fading, accord-
ing to one embodiment;

FIG. 11 1llustrates an exemplary flowchart of a method for
mitigating the effects of wideband interference on a received
GNSS signal using an asymmetric band-stop filter, accord-
ing to one embodiment;

FIG. 12 1llustrates an exemplary diagram of the present
apparatus, according to one embodiment;

FIG. 13 illustrates an exemplary block diagram of an
electronic device 1301 in a network environment 1300,
according to one embodiment; and

FIG. 14 1llustrates an exemplary block diagram of pro-
gram(s) 1340 from electronic device 1301 in FIG. 13,

according to one embodiment.

DETAILED DESCRIPTION

Heremaftter, embodiments of the present disclosure are
described 1n detail with reference to the accompanying
drawings. It should be noted that the same elements are
designated by the same reference numerals although they are
shown 1n different drawings. In the following description,
specific details such as detailed configurations and compo-
nents are merely provided to assist 1in the overall under-
standing of the embodiments of the present disclosure.
Theretore, 1t should be apparent to those skilled 1n the art
that various changes and modifications of the embodiments
described herein may be made without departing from the
scope of the present disclosure. In addition, descriptions of
well-known functions and constructions are omitted for
clarity and conciseness. The terms described below are
terms defined 1n consideration of the functions 1n the present
disclosure, and may be different according to users, inten-
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tions of the users, or custom. Therefore, the definitions of the
terms should be determined based on the contents through-
out the specification.

The present disclosure may have various modifications
and various embodiments, among which embodiments are
described below 1n detail with reference to the accompany-
ing drawings. However, it should be understood that the
present disclosure 1s not limited to the embodiments, but
includes all modifications, equivalents, and alternatives
within the scope of the present disclosure.

Although terms including an ordinal number such as first
and second may be used for describing various elements, the
structural elements are not restricted by the terms. The terms
are only used to distinguish one element from another
clement. For example, without departing from the scope of
the present disclosure, a first structural element may be
referred to as a second structural element. Similarly, the
second structural element may also be referred to as the first
structural element. As used herein, the term ‘“and/or”
includes any and all combinations of one or more associated
items.

The terms herein are merely used to describe various
embodiments of the present disclosure but are not intended
to limit the present disclosure. Singular forms are intended
to 1mclude plural forms unless the context clearly indicates
otherwise. In the present disclosure, 1t should be understood
that the terms “include” or “have” indicate existence of a
feature, a number, a step, an operation, a structural element,
parts, or a combination thereof, and do not exclude the
existence or probability of addition of one or more other
features, numerals, steps, operations, structural elements,
parts, or combinations thereof.

Unless defined differently, all terms used herein have the
same meanmngs as those understood by a person skilled 1n
the art to which the present disclosure belongs. Terms such
as those defined 1 a generally used dictionary are to be
interpreted to have the same meanings as the contextual
meanings in the relevant field of art, and are not to be
interpreted to have ideal or excessively formal meanings
unless clearly defined 1n the present disclosure.

Various embodiments may include one or more elements.
An element may include any structure arranged to perform
certain operations. Although one embodiment may be
described with a limited number of elements 1n a certain
arrangement by way of example, the embodiment may
include more or less elements 1n alternate arrangements as
desired for a given implementation. It 1s worthy to note that
any reference to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic
described 1n connection with the embodiment 1s included 1n
at least one embodiment. The appearance of the phrase “one
embodiment” (or “an embodiment™) in various places in this
specification does not necessarily refer to the same embodi-
ment.

FIG. 1 1s an exemplary block diagram of a GNSS receiver
receiving GNSS signals, according to one embodiment.

Referring to FIG. 1, electronic device 101 includes GNSS
receiver 103 and antenna 105, which 1s capable of receiving
signals from GNSS satellites 107A, 1078, 107C, and 107D,
which may be from one or more GNSS systems. The number
of GNSS systems, both planned and presently operational, 1s
growing. These include the widely-known, widely-used, and
truly global global positioning system (GPS) of the United
States, Russia’s GLObalnaya NAvigatsionnaya Sputnik-
ovaya Sistema (GLONASS), Europe’s Galileo system, and
China’s BeiDou systems—each of which has, or will have,
its own constellation of satellites orbiting the entire globe.
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Regional systems (those that are not global, but intended to
cover only a certain region of the globe) include Japan’s
Quasi-zenith satellite system (QZSS) and the Indian regional
navigational satellite system (IRNSS) also currently being
developed. Satellite-based augmentation systems (SBASs),
which are normally regional as well, “augment” existing
GNSS systems with, e.g., messages from ground-based
stations and/or additional navigational aids, are also con-
tinually developing and expanding.

On the receiving side, GNSS capabilities are no longer
limited to any particular type of system or device. Electronic
device 101 1n which GNSS receiver 103 1s implemented
may be a mobile terminal, a tablet computer, a camera, a
portable music player, and a myriad of other portable and/or
mobile personal consumer devices, as well as integrated into
larger devices and/or systems, such as the electronics of a
vehicle. Moreover, multi-constellation GNSS receirvers are
being developed which receive signals from more than one
satellite constellation (e.g., two or more of GPS, Galileo,
GLONASS, BeiDou, regional systems, and/or augmentation
system constellations) and provide much greater accuracy
because the number of unblocked satellites, sometimes
referred to as satellite/space vehicles (SVs), in view at any
time from several constellations 1s always greater than the
number of SVs 1n view from a single constellation.

The term “GNSS receiver” as used herein, covers any
such implementation of GNSS capabilities 1n a device or
system.

Although some of the descriptions herein uses GPS
signals as examples, the present disclosure 1s not limited
thereto, and multiple other embodiments are possible,
including, for example, embodiments using the BeiDou
signal codes, the Galileo E1 signal codes, and/or the QZSS
L.1C signal codes. For more detailed descriptions of some,
but not all, GNSS signals, including regional systems, to
which embodiments of the present disclosure are applicable,
see, e.g., Global positioning systems directorate systems
engineering & integration—Interface specification IS-GPS-
200H (Sep. 24, 2013), describing the GPS L1 coarse/
acquisition (C/A), L2C, and P channels/codes (hereinafter
referred to generally as “IS-GPS-2007"); Global positioning
systems directorate systems engineering & integration—
Interface specification IS-GPS-800D (Sep. 24, 2013),
describing the GPS LIC channel/code (hereinafter referred
to generally as “IS-GPS-800); Global positioning systems
directorate systems engineering & integration—Interface
specification IS-GPS-705 (Sep. 24, 2013), describing the
GPS L5 channel/code (heremafter referred to generally as
“IS-GPS-7057); Global navigation satellite system—GLO-
NASS—Interface control document—Navigational radio
signal 1n bands L1, L2 (Edition 5.1) (2008) (hereinafter
referred to generally as “GLONASS L1,1.2 ICD”); Euro-
pean GNSS (Galileo) open service—Signal 1n space inter-
face control document (version 1.3) (2016) (hereimnafter
referred to generally as “Galileo OS-SIS-ICD”); BeiDou
navigation satellite system—Signal 1in space interface con-
trol document—Open service signal BIl (version 1.0) (De-
cember 2012) (hereinaiter referred to generally as “BeiDou
ICD™); Quasi-zenith satellite system—Interface specifica-
tion—Satellite positioning, navigation and timing service

(heremafiter referred to generally as “IS-QZSS-PNT-0017);
and Indian regional navigation satellite system—Signal 1n
space ICD for standard positioning service (version 1.1)

(herematter referred to generally as “ISRO-IRNSS-ICD-
SPS-1.17), all of which are incorporated herein by reference
in their entirety.
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Moreover, embodiments ol the present disclosure are
equally applicable to GNSSs assisted or augmented by
SBASs, such as wide area augmentation system (WAAS),
European geostationary navigation overlay service
(EGNOS), multi-functional satellite augmentation system

(MSAS), GPS aided geo augmented navigation (GAGAN),
and the “assisted” GNSS (A-GNSS) technology being
developed for, e.g., measurement/testing of signals in cel-
lular telecommunication systems (see 3" generation part-
nership project (3GPP) technical specification 3GPP TS
37.571: Universal terrestrial radio access (UTRA) and

evolved UTRA (E-UTRA) and evolved packet core (EPC);

user equipment (UE) conformance specification for UE
positioning, which has five parts, all of which are ncorpo-
rated herein by reference).

Accordingly, one of ordinary skill in the art would rec-
ognize the applicability of the present disclosure to a variety
of signals from any global or regional GNSS, whether
augmented/assisted or not. Moreover, and as also would be
understood by one of ordinary skill 1n the art, “channels,”
“bands,” and “codes” may sometimes be used herein inter-
changeably, as many GNSS signals are transmitted on the
same channel (1.e., same frequency, same time) or band (1.e.,
frequency bandwidth), but with different codes, which eflec-
tively makes them different “channels,” 1n the more general
sense of the term.

The present disclosure 1s generally related to GNSS
receivers. In particular, the present disclosure 1s related to a
system and method for asymmetric filtering to improve
GNSS receiver performance in the presence of wideband
interference.

GNSS receivers are susceptible to wideband interference
from known and unknown sources. Newly defined modem
signals tend to be wideband and are therefore even more
susceptible to sullering from wideband interference. To use
a presently existing source as an example, cellular commu-
nication long term evolution (L'TE) bands 13 and 14 cause
wideband interference for GNSS signals.

More specifically, as shown 1n Table 1 below, second
harmonics of the LTE band 13 and 14 transmissions may
cause the interference impact of the center Irequency
1575.42 MHz which 1s used for transmitting many GNSS
signals. This problem 1s exacerbated by the fact that many
hand-held electronic devices often both receive GNSS sig-

nals and transmit and receive cellular signals, such as those
in LTE bands 13 and 14.

L

TABLE 1
Starting point of
274 harmonic
wideband
interference
Channel Primary with respect
LTE bandwidth band 2"¢ harmonic to GPS 1,
band (MHz) (MHz) (MHz) (1575.42 MHz)
13 5, 10 777-T787 1554-1574 -1.42 MHz
14 5, 10 788-798 1576-1596 +0.58 MHz

As 1ndicated by the last column 1n Table 1, the starting
points for the second harmonic iterference bands caused by
LTE 13 and 14 are very close to center/nominal frequency
1575.42 MHz which 1s used for transmitting many GNSS
signals.

FIGS. 2A and 2B are exemplary graphs showing the
second harmonic wideband interference bands of LTE bands

13 and 14 1n relation to the GPS L1 C/A signal and the
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6
Galileo E1 signal, respectiully, which both use nominal

frequency 1575.42 MHz (represented as the O point in the

graphs). In FIG. 2A, the wideband interference caused by
the LTE band 13 starts at —1.42 MHz, as indicated by Table
1, and continues beyond the graph, and the wideband

interference caused by the L'TE band 14 starts at +0.58 MHz,
as indicated by Table 1, and continues beyond the graph.
Similarly, 1n FIG. 2B, the Galileo E1 signal uses a binary
oflset carrier (BOC) modulated signal (specifically, BOC(1,

1)), which 1s seen with the wideband interference caused by
the LTE band 13 and LTE band 14.

FIG. 2C 1s an exemplary graph showing the GPS L5
signal. See, e.g., IS-GPS-7035. Unlike the GPS L1 C/A signal
and the Galileo E1 signal shown 1 FIG. 2A and FIG. 2B,

respectively, the GPS L5 signal has a nominal/center ire-
quency of 1176.45 MHz (thus the O point represents 1176.45
MHz in the graph of FIG. 2C), because, of course, the GPS
L5 signal 1s in the L5 band. The GPS L5 signal 1s a good

example of the new types of signals being adopted in GNSSs
worldwide, which have a much wider bandwidth than the
previous, old signals such as the GPS L1 C/A. The present
disclosure 1s applicable to all modulation types, including
the various BOCs, and 1s not limited 1n any way by the
modulations discussed in reference to the specific embodi-
ments presented herein.

In any event, as shown in FIG. 2C, the GPS L35 has a wide
bandwidth signal, much wider than, e.g., GPS L1 or Galileo
E1, and 1s thus much more susceptible to degradation due to
wideband interference. Because new types of wideband
GNSS signals are being developed and implemented around
the world, wideband interference 1s a growing problem. As
well as the present GNSS signals, such as GPS L1 C/A, GPS
L3, Galileo E1, etc., the present disclosure applies equally to
developing and future wideband GINSS signals which may
require the benefits of the present disclosure even more than
past and current GNSS signals 1n use.

Moreover, wideband interference 1s not limited to the
harmonics of different frequency channels, such as 1n the
examples of FIGS. 2A and 2B, but has a wide variety of
presently unknown and known causes, including, but not
limited to, intentional jamming, terrestrial transmaissions
(e.g., digital video broadcasting, radar, devices improperly
using the wrong frequency bands, ultra-wideband (UWB)
sources), and other satellite systems’ transmissions (€.g.,
Iridium, Inmarsat-C). Indeed, the causes and eflects of
interference on GNSS signals 1s an active and on-going area
of study. Regardless, the growing use of wideband GNSS
signals require new approaches to wideband interference.

As 1s known to one of skill in the art, generally there 1s a
two-step process of detecting the interference and then
mitigating the interference using 1ts detected characteristics.
However, the detection step 1s not strictly necessary in an
interference mitigation system/method such as disclosed
herein, because certain interference sources are already
known (such as the LTE bands 13 and 14), as well as their
characteristics, in which case preset mitigation methods/
systems may be used. In other words, although embodiments
of the present disclosure include details of a detection
stage/step, the present disclosure 1s neither limited to any
particular manner ol interference detection nor to even
having a detection stage/step at all. In any event, the
system/method therein describes detecting narrowband (and
wideband) interference with a frequency scanner block,
tracking and characterizing the detected interferers, and then
using the detected characteristics and tracked properties to
substantially remove 1t from the received GNSS signal.
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In such interference mitigation systems/methods, sym-
metric filters are commonly used to remove the unwanted
interference signal. A symmetric filter guarantees a symmet-
ric result, 1.e., the upper half and the lower half of the
received signal are identically filtered. FIGS. 3A-3C illus-
trate exemplary plots of symmetrical filter passbands. FIG.
3 A 1llustrates an exemplary plot of a symmetrical filter with
a passband of —10 MHz to +10 MHz, FIG. 3B illustrates an
exemplary plot of a symmetrical filter with a passband of -3
MHz to +3 MHz; and FIG. 3C illustrates an exemplary plot

l

of a symmetrical filter with a passband of -1 MHz to +1
MHz.

According to one embodiment, the present system/
method provides asymmetric filtering of received GNSS
signals. Such asymmetrically filtered GNSS signals are still
uselul 1n providing range and range rate measurements (with
substantially the same loss of carrier to noise density ratio
C/N,, also referred to as “CNO” herein, as shown below 1n
relation to Tables 2, 3, 4A, and 4B below), while effectively
mitigating wideband interfering sources, which are not sym-
metric around the nominal frequency of the GNSS signal.

FIGS. 4A-4B illustrate exemplary plots of asymmetrical
filter passbands that are particularly effective at mitigating
wideband interference on the GPS L1 C/A signal. FIG. 4A
illustrates an exemplary plot of an asymmetric filter with a
narrow passband from O to +1 MHz, which can be used for
wideband interference mitigation of the GPS L1 C/A signal,
according to one embodiment. When compared with the
LTE band 14 wideband interference shown with the GPS L1
C/A signal in FIG. 2A, one can see that a substantial portion
of the LTE band 14 wideband interference would be greatly
reduced by an asymmetric filter with the asymmetric narrow
bandpass filter characteristic shown 1 FIG. 4A. FIG. 4B
illustrates an exemplary plot of an asymmetric filter with a
narrow passband from -1 MHz to +0.5 MHz, which can also
be used for wideband 1nterference mitigation of the GPS L1
C/A signal, according to one embodiment. When compared
with the LTE band 13 wideband interference starting down-
ward (in frequency) from —0.58 MHz and the LTE band 14
wideband interference starting from +1.42 MHz and con-
tinuing upward (in frequency) in FIG. 2A, one can see that
a substantial portion of both the LTE band 13 wideband
interference and the LTE band 14 wideband interference
would be greatly reduced by an asymmetric filter with the
asymmetric narrow bandpass filter characteristic shown 1n
FIG. 4B.

FIGS. 5A-5B illustrate exemplary plots of asymmetrical
filter passbands that are particularly eflective with 1solating
cither the lower vestigial sideband or the upper vestigial
sideband of the GPS L1 C/A signal, 1.e., allowing only one
half of the frequency band to pass through. FIG. SA illus-
trates an exemplary plot of an asymmetric filter with a
relatively wide passband from -1 MHz to +10 MHz, which
can be used to 1solate and select the upper vestigial sideband
of the GPS L1 C/A signal, according to one embodiment.
FIG. 5B 1llustrates an exemplary plot of an asymmetric filter
with a relatively wide passband from —10 MHz to +1 MHz,
which can be used to 1solate and select the lower vestigial
sideband of the GPS L1 C/A signal, according to one
embodiment.

Tables 2, 3, 4A, and 4B illustrate the CNO loss associated
with various symmetric and asymmetric complex filters for
different GNSS signals. In each of Tables 2, 3, 4A, and 4B,
CNO 1 sigma=0.1 dB, S=symmetrical, and
A=asymmetrical. Table 2 below illustrates the CNO loss of
the GPS L1 C/A signal caused by various symmetric and
asymmetric complex filters.
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TABLE 2

GPS L1 C/A
GPS L1 C/A CNO
Target Filter (dB-Hz)
Passband Signal  type Filter bandwidth (loss 1n dBs)
Full L1 C/A S -10 MHz-+10 MHz 49.9
bandwidth (FIG. 3A) (reference)
Medium L1 C/A S -3 MHz-+3 MHz 49.7
bandwidth (FIG. 3B) (-0.2 dB)
Narrow L1 C/A S -1 MHz-+1 MHz 49.6
bandwidth, (FIG. 3C) (-0.4 dB)
LTE band 13
Vestigial L1 C/A A -1 MHz-+10 MHz 49.6
bandwidth (FIG. 5A) (-0.3 dB)
Half L1 C/A A 0 MHz-+10 MHz 48.8
bandwidth, (-1.1 dB)
LTE 13 or 14
Medium half L1 C/A A 0 MHz-+3 MHz 48.8
bandwidth (-1.1 dB)
Narrow half L1 C/A A 0 MHz-+1 MHz 48.5
bandwidth, (-1.4 dB)
LTE band 14
Vestigial half L1 C/A A -0.5 MHz-+10 MHz 49.7
bandwidth, (-0.2 dB)
LTE band 14
Vestigial L1 C/A A -0.5 MHz-+1 MHz 49.3
Narrow (-0.6 dB)
bandwidth,
LTE band 13
and 14

Table 3 below illustrates the CNO loss of the GPS L3
signal caused by various symmetric and asymmetric com-
plex filters.

TABLE 3
GPS L5

GPS L5 CNO
Target Filter (in dB-Hz)
Passband Signal  type Filter bandwidth (loss 1n dBs)
full L3 S -10 MHz-+10 MHz 49.5
bandwidth (FIG. 3A) (reference)
Narrow L3 S -3 MHz-+3 MHz 47.7
bandwidth (FIG. 3B) (-1.8 dB)
vestigial L5 A -1 MHz-+10 MHz 47.6
sideband (FIG. 5A) (-1.9 dB)
half L5 A 0 MHz-+10 MHz 46.9
bandwidth (-2.6 dB)
narrow half L5 A 0 MHz-+3 MHz 45.2
bandwidth (-4.3 dB)

Table 4A below 1llustrates the CNO loss of the (GGalileo El

BOC(1,1) signal caused by various symmetric and asym-
metric complex filters.

TABLE 4A

Galileo BOC(1, 1)
Galileo El
BOC(1, 1) CNO
Target Filter (dB-Hz)
Passband Signal type Filter bandwidth  (loss in dBs)
full BOC(1, 1) S -10 MHz-+10 MHz 49.9
bandwidth (FIG. 3A) (reference)
Narrow BOC(1, 1) S -3 MHz-+3 MHz 49.6
pandwidth (FIG. 3B) (-0.3 dB)
half BOC(1, 1) A 0 MHz-+10 MHz 47.1
pandwidth (-2.8 dB)
narrow half BOC(1,1) A 0 MHz-+3 MHz 46.8
bandwidth (-3.1 dB)
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Table 4B below illustrates the CNO loss of the Galileo E1
CBOC(1,6) signal caused by various symmetric and asym-
metric complex filters.

TABLE 4B

(ralileo CBOC(1, 6)

Galileo El

CBOC(1, 6) CNO
Target Filter (in dB-Hz)
Passband Signal type Filter bandwidth  (loss in dBs)
full CBOC(1, 6) S -10 MHz-+10 MHz 49.9
bandwidth (FIG. 3A) (reference)
Narrow CBOC(1, 6) S -3 MHz-+3 MHz 49.4
bandwidth (FIG. 3B) (-0.5 dB)
half CBOC(1,6) A 0-+10 MHz 47.1
bandwidth (-2.8 dB)
narrow half CBOC(1, 6) A 0-+3 MHz 46.5
bandwidth (-3.4 dB)

According to one embodiment, the present system/
method matches the implementation of the asymmetric
filtering to the known characteristics of the wideband inter-
terer. For example, the interferer characteristics of LTE
bands 13 and 14 are known, and thus the filter characteristics

appropriate for mitigating the wideband interference of LTE
bands 13 and 14 may be stored in advance and applied when

the LTE band 13 and/or LTE band 14 signal 1s detected.

FIG. 6 illustrates an exemplary block diagram of the
relevant components in the receive chain of a GNSS receiver

which applies pre-stored asymmetric filter coetlicients to
mitigate L'TE band 13 and/or LTE band 14 wideband inter-
terence, according to one embodiment. The GNSS recerve
chain shown in FIG. 6 includes analog-to-digital converter
(ADC) 610, carrier mixer 620, asymmetric/symmetric filter
block 630, and storage 640 for the sets of coellicients for
asymmetric/symmetric filter block 630.

After processing the received GNSS signal by bringing it
down from the received carrier radiofrequency (RF) to an
intermediate frequency (IF) so the received GNSS signal can
be processed by the remaining components of the receive
chain, the analog complex signal (having in-phase I, ;..
and quadrature Q... components) 1s mnput to ADC 610.
ADC 610 converts the complex analog 1 ,,,,;,.» Quar0. S1202I
to a complex digital 1 ;.5 Q 40100 S12021, by sampling using
sampling trequency 1. Complex digital I ;.7 Q y;zi0q; S1g02I
1s mixed with the desired/appropriate carrier signal by
carrier mixer 620 1n order to start separating out and
isolating the desired signal (such as the transmitted GPS L1
C/A signal) from the rest of the received signal.

The appropriately mixed complex 1 ;,,,,.7. Q0i10; S1@0A1 18
input mnto asymmetric/symmetric filter block 630, where one
of a symmetric filter and a programmable asymmetric filter
will be applied to the input appropriately mixed complex
Lgigitars Quigirar S1g0al 10 this embodiment. For example, 1t no
L'TE band 13 or L'TE band 14 interference 1s detected, the
standard symmetric filter may be applied to the mput com-
plex 1 oimp Quigirar 1202l by asymmetric/symmetric filter
block 630. However, if interference from LTE band 13 1s
detected, control signal L'TE 13 band transmitter (tx) input
into storage 640 1s turned on, resulting in a first set of filter
coellicients being taken from storage 640 and supplied to
asymmetric/symmetric filter block 630, which applies the
first set of filter coethlicients to the programmable asymmet-
ric {ilter, thereby creating the appropriate passband for the
input complex 1 ;.0 Quigize; sS1gnal to mitigate any L1E
band 13 wideband interference. Similarly, 1f interference
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from LTE band 14 1s detected, control signal LTE 14 band
tx mput into storage 640 1s turned on, resulting i1n a second
set of filter coellicients being taken from storage 640 and
supplied to asymmetric/symmetric filter block 630, which
applies the second set of filter coetlicients to the program-
mable asymmetric filter, thereby creating the appropnate
passband for the mput complex I, ;. . Qugier S1g0Al tO
mitigate any LTE band 14 wideband interference.

Depending on the embodiment, the asymmetric filter used
may be based on a complex bandpass filter design such as a
complex finite impulse response (FIR) filter design (e.g., a
single-stage single-rate FIR, a multi-rate multistage FIR) or
an infinite 1mpulse response (IIR) filter (e.g., a single-rate
IIR). According to one embodiment, the present system/
method includes one or more programmable asymmetric
filters that may be applied to any of the received signal bands
as required, as will be discussed 1n reference to the tlowchart
of FIG. 8. By contrast, preset asymmetric filters may be
swapped 1n and out depending on the interference environ-
ment, similarly to how asymmetric/symmetric filter block
630 1n FIG. 6 switches from one filter to another.

Although the present disclosure 1s described using band-
pass filters (which have pass bands, such as those shown in
FIGS. 3A-3C, 4A-4B, and 5A-5B), anyone of ordinary skill
in the art would recognize that band-stop filters could be
used to produce the same result. Indeed, one of ordinary skall
in the art would recognize that any of the wide variety of
filtering methods, based on hardware, software, or a mixture
of the two, could be used 1n accordance with the scope of the
present disclosure.

FIG. 7 illustrates an exemplary block diagram of the
relevant components in the receive chain of a GNSS recerver
with an adaptable programmable asymmetric filter block
which can be used for dynamically filtering signals from
different GNSS systems, according to one embodiment. The
receive chain in FIG. 7 includes an ADC 710 performing
substantially the same function as ADC 610 1in FIG. 6, but
its compleX 1 ;.0 Quigisa: S1gnal output is input into a
plurality of different individual signal paths for separating
out different GNSS signals. As can be seen 1n FIG. 7, each
GNSS signal has 1ts own path of similar components for
performing the approprniate processing for each GNSS sig-
nal.

More specifically, the top component path includes carrier
mixer #1 721 which mixes the complex 1 ;. Q407 S1g0Al
with the desired/appropriate carrier signal in order to start
separating out the desired OPS L1 signal and filter(s) #1 731
which further 1solates and separates out the desired GPS L1
C/A signal. As would be understood by one of ordinary skill
in the art, many other components would be needed to, for
example, generate the nominal GPS L1 signal for mixing by
carrier mixer #1 721, and that filter #1 731 would either
include or be supplemented by multiple filters and correla-
tors, as well as modules for applying, for example, the fast
Fourier transform (FFT) and/or the inverse FF'T (IFFT) as
part of the processing, 1n order to implement/perform any of
the wide varniety of processes requiring multiple stages for
1solating, separating, synchronizing, etc., the desired target
signal (1n this case, the GPS L1 signal).

The next component path includes carrier mixer #2 722
which mixes the complex 1, .., Q.. signal with the
target GLONASS L1 carrier signal and filter(s) #2 732 to
isolate and separate out the recerved GLONASS L1 signal.
The third component path includes carrier mixer #3 723
which mixes the complex I .;..;, Quigira; Signal with the
target BeiDou B1-1 carrier signal and filter(s) #3 733 to
1solate and separate out the received BeiDou B1-1 signal,
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while the fourth component path includes carrier mixer #4
724 which mixes the complex 1 ;.7 Q ..., S1g0al With the
target Galileo E1 carrier signal and filter(s) #4 734 to 1solate
and separate out the received Galileo E1 signal. As indicated
by the dotted line beneath the fourth component path,
additional component paths may be added 1n parallel with
the four component paths shown 1n FIG. 7 to 1solate and
separate out other received GNSS signals to which the
adaptable programmable asymmetric filter block according
to this embodiment could be applied to as well.

To find more details regarding the parallel components for
receiving multiple GNSS signals, see U.S. Pat. No. 9,482,
760, of which the present mventor 1s the sole inventor and
which 1s 1incorporated herein by reference 1n 1ts entirety.

Each of the GPS L1 signal, the GLONASS L1 signal the
BeiDou Bl-1, and Galileo El1 signal are output in the
frequency domam by filter(s) #1 731, filter(s) #2 732,
filter(s) #3 733, and filter(s) #4 734, respectlvely, on thelr
own signal paths for further digital signal processing, as
shown 1n FIG. 7. However, according to this embodiment,
cach of those signal paths also have their own separate
inputs mto multiplexer 740 (1.e., multiplexer 740 recerves
cach of the rough, correlated, frequency domain signals).
Multiplexer 740 has a select control signal that selects which
of the GPS L1 signal, the GLONASS L1 signal, the BeiDou
B1-1, and the Galileo E1 signal 1s input to programmable
asymmetric filter block 750 for asymmetric filtering. In this
embodiment, 1f symmetric filtering 1s suflicient (and no

asymmetric filtering 1s necessary), it 1s performed by one of
filter(s) #1 731, filter(s) #2 732, filter(s) #3 733, and filter(s)

#4 734,

In this embodiment, programmable asymmetric filter
block 750 1s capable of dynamically changing and adapting,
the asymmetric filtering characteristics to {it the specific
requirements of the selected input signal, 1.e., the GPS L1
signal, the GLONASS L1 signal, the BeiDou B1-1, or the
Galileo E1 signal. Although a method of creating the appro-
priate coellicients for any specific asymmetric filter 1s dis-
cussed below, one of ordinary skill in the art would under-
stand that programmable asymmetric filter block 750 may be
implemented 1n a wide variety of ways, including having a
combination of multiple preset asymmetric filters and mul-
tiple programmable asymmetric filters in parallel so as to
best provide the most, or perhaps the most likely, asymmet-
ric {ilter passbands as quickly as possible, and/or having
multiple stages of symmetric filters and asymmetric filters
which when passed through 1n series (and perhaps using
different hardware paths) result 1n the desired passband, and
SO On.

Accordingly, the output of programmable asymmetric
filter block 7350 in this embodiment 1s the approprate
asymmetrically filtered version of the GNSS signal, ready
for further digital signal processing. However, the present
disclosure 1s not so limited. For example, other embodi-
ments may use individual programmable asymmetric filter
blocks 1n each component path (1.e., for each GNSS signal),
where 1t could be implemented as part of a feedback loop
including one or more typical symmetric filters, where either
type of filter may be applied, and the feedback 1s used for
dynamic adaptation of the programmable asymmetrical {il-
ters.

FIG. 8 illustrates an exemplary flowchart of a dynamic,
real-time asymmetric filtering method, according to one
embodiment. As indicated in FIG. 8, this embodiment loops
through its steps approximately every second. At 810, the
present system/method scans or analyzes the received signal
band to detect possible wideband interference. At 820, the
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present system/method determines whether wideband inter-
terence 1s detected. If not, the present system/method loops
back to repeat the process at 810. ITf wideband interference
1s detected at 820, the present system/method determines
whether the detected wideband interference 1s greater than
or equal to a threshold at 830.

If the detected wideband interference i1s less than the
threshold at 830, the present system/method loops back to
the start to begin again—i.e., no mitigation efforts are made
regarding the detected wideband interference. Although
wideband iterference may be detected 1n 820, the detected
wideband interference might not have a large enough effect
to justity the resources for mitigation (like designing a filter
in 840) and so 1t 1s 1gnored. The reason for this 1s practical,
and 1s based on simple loss vs. gain considerations. Detected
wideband interference may have so little impact 1n terms of
error 1n the final PV'T/PNT that the use of hardware/sotftware
to apply the mitigation process may not be worth the
resources. It 1s a trade-ofl between the resources consumed
in applying mitigation and the (possible) impact of the
detected wideband interference. In any event, in this
embodiment, a threshold 1s used to separate the detected
wideband interference which i1s worth the resources from the
detected wideband interference which 1s not worth the
resources.

However, as would be understood by one of ordinary skill
in the art, a number of diflerent factors having greater or
lesser impact have to go into determining a particular
threshold for a particular implantation. For example, 1f the
desired/target signal 1s the GPS L1 C/A signal, one pertinent
factor 1s that the structure of the spreading code for that
particular signal 1s such that 1t has a “natural” immunity to
interference the further the interference 1s from the center/
nominal frequency. Interference at the center frequency may
cause 3 dB loss in CNO, whereas interference 1.5 MHz
away from the center frequency overlaps with the first L1
C/A signal sidelobe which has 13 dB more resistance to
interference (in these circumstances, the resistance 1s
approx1mately proportional to the signal level at the fre-
quency oflset). Thus the threshold may be set such that 1f the
wideband interference 1s oflset by several MHz and has the
roughly the same signal power as the thermal noise (1.e.,
background noise), the effect of such wideband interference
1s not worth the resources for mitigating it.

If the detected wideband interference 1s greater than or
equal to the threshold at 830, the present system/method
designs a filter to mitigate the specific detected wideband
interference at 840. As mentioned above, and known to one
of ordinary skill 1n the art, there are various ways to design
such an asymmetric filter.

In this embodiment, the asymmetric filter 1s made by first
creating a symmetric FIR filter of the same bandwidth as the
desired asymmetric filter. For example, if the desired asym-
metric filter should have a passband of -1 MHz to +101_, the
desired bandwidth of the 1nitial symmetric filter 1s 11 1. The
passband 1n a symmetric filter 1s necessarilly symmetric
around 0, so the 11 MHz passband of the initial complex FIR
filter 1s from -5.5 MHz to +3.51_. The complex FIR filter
coellicients, numbered by index n=0, . . . , N, are then each
multiplied by ¢ 7™ O™ where f, is desired frequency
translation (in this case, 1 =+4.5 MHz to move the 11 MHz

passband over to —1 MHz to +101 ), as shown in Equation
(1) below:

C

asymmetric [

n|=C nlxe IT0:N)

SYrmetric [ ]

(1)

where C,,, ,..:c[11] 1s the nth complex coetlicient of the
symmetric filter and C [n] 1s the nth complex coet-
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US 11,463,071 B2

13

ficient of the asymmetric filter which will have a passband
offset by 1.. In other words, each set of symmetric complex
coellicients 1s complex rotated by a single value taken from
(0:N). Thus, the first coetlicient 1s rotated by phase zero (no
rotation); the second coetlicient 1s rotated by phase 1 xzt; the
third coeflicient 1s rotated by phase 1xmx2; the fourth
coellicient 1s rotated by phase I xmx3; etc.

After the filter for mitigating the specific detected wide-
band interference 1s designed at 840, 1t 1s applied to the
received signal at 850. The output asymmetrically filtered
signal 1s then corrected/altered, 11/as necessary, at 860.

The corrections at 860 are based on findings concerning,
the possible effect of the present system/method on the code
range and/or carrier phase of the asymmetrically filtered

signal. As described 1n more detail in U.S. Provisional Patent
Application Ser. No. 62/661,380 filed on Apr. 23, 2018 (“the
380 Prov.”), from which the present application claims
priority and which 1s mcorporated herein by reference in its
entirety, 1t was found that continual looping (1.e., switching/
designing new filters) may cause a carrier phase oflset and/or
change in code range. See, e.g., pages 20-23 and FIGS.
24-29 of the 380 Prov. On the other hand, the 380 Prov.
also explamed that maintaining a constant phase oflset 1s
comparatively easy and minor, while there 1s no peak offset
if the nitial complex symmetric FIR filter i1s the same length
as the final asymmetric filter which 1s applied to the signal
at 850.

Moreover, the impact on any measurements (1.e., change
in code range or carrier phase) of particular asymmetrically
filtered s1ignal can be computed and corrected 1n real time via
software at 860. In addition, any CNO corrections can also
be made at 860.

FIG. 9 1s an exemplary plot illustrating the frequency
selective fading of a recetved OPS L5 signal. As shown by
the example 1n FIG. 9, different parts of the spectrum are
impacted by very different selective fading. There 1s sub-
stantially different signal loss 1n each half of the spectrum.
However, according to an embodiment of the present dis-
closure, the spectrum of the recerved signal may be split into
at least two parts by asymmetrically filtering out each part to
be considered in 1solation, which may be helpful. For
example, 11 the spectrum of the signal 1s divided into two
halves by asymmetric filtering, the earliest arriving halt can
be used to 1dentify the earliest arnving peak. As detailed on
page 17 and in FIGS. 14-20 of the 380 Prov., asymmetri-
cally filtering a signal such that only a half band remained
still preserved the characteristics of the peaks such that
range and rate measurements could be made.

FI1G. 10 1llustrates an exemplary tlowchart of a method for
mltlgatmg the effects of frequency selective fading, accord-
ing to one embodiment. At 1010, the present system/method
continually monitors to detect whether a received GNSS
signal has frequency selective multipath and/or fading that
aflects different parts of the received signal spectrum sub-
stantially differently. If such a received GNSS signal 1s
detected 1 1010, the whole received signal spectrum 1s
divided up 1into individual separate sections by applying
asymmetrical filtering at 1020. For example, the spectrum
may be divided into separate upper and lower parts. Each
section and, optionally, the whole spectrum as well, 1s used
to estimate/calculate range and range rates at 1030. At 1040,
the 1impact of each section can be observed and the present
system/method selects the best estimated/calculated range
and range rates (e.g., earliest arriving correlation peak for
range measurement). The present system provides asym-
metrical FIR filtering to an otherwise symmetrical GNSS

10

15

20

25

30

35

40

45

50

55

60

65

14

signal to mitigate wideband interference, such that the
GNSS receiver 1s more resistant to wideband jammers.

FIG. 11 1llustrates an exemplary flowchart of a method for
mitigating the effects of wideband interference on a received
GNSS signal using an asymmetric band-stop filter, accord-
ing to one embodiment. In other words, by contrast to the
method 1 FIG. 8, this method uses a band-stop filter to
negate the wideband interference rather than a bandpass
filter to 1solate a desirable part of the receirved GNSS signal
separate from the wideband interference.

At 1110, the present system/method detects wideband
interference 1n a recerved GNSS signal. At 1120, the present
system/method determines the frequency range/band of the
wideband interference in relation to the nominal/center
frequency of the desired GNSS signal. It 1s assumed 1n this
embodiment that the wideband interference 1s not symmetric
around the nominal/center frequency of the desired GNSS
signal. At 1130, the present system/method calculates coet-
ficients for an asymmetric filter (e.g., an asymmetric band-
stop filter) from the coeflicients of a symmetric filter having
a stop band with the same bandwidth as the wideband
interference based on the frequency offset of the wideband
interference from the nominal/center frequency and the
bandwidth of the wideband interference. At 1140, the pres-
ent system/method implements the asymmetric filter based
on the calculated coeflicients for the asymmetric filter. At
1150, the present system/method applies the asymmetric
filter to the received GNSS signal, thereby mitigating the
wideband interference whose location corresponds with the
stop band of the asymmetric band-stop filter.

As described above, the present system/method according
to one embodiment provides asymmetric filtering 1n a GNSS
receiver to reduce wideband interference. According to one
embodiment, the present system/method includes detecting
an interfering signal having a certain frequency band, trans-
lating a filtering passband of a filter (e.g., a finite 1mpulse
response (FIR) filter) based on the detected frequency band,
and providing filtering on the recerved GNSS signal based
on the translated filtering, passband The GNSS receiver may
further store a set of filter coeflicients for the expected
interferer so that the filtering passband 1s translated based on
the filter coellicients in real-time and the filter 1s program-
mable. In one embodiment, the present system filters out
half of the spectrum of a received GNSS signal (instead of
the whole spectrum) such that the receiver can mitigate the
ellects of frequency selective multipath/fading. The detected
interfering signal may be in-band with respect to the desired
signal. The present system may select either a low side or
high side local oscillator (LO) based on where 1n frequency
the 1nterfering signal 1s detected.

According to one embodiment, diflerent receivers have
different frequency conversion values, in other words dii-
terent digital intermediate frequencies (IFs). For example, a
receiver may have a digital IF of 4 MHz or -7 MHz. The
asymmetric filtering 1s expected to be with respect to such IF
frequencies. The filter characteristics given here are with
respect to O Hz but can be translated to any recerver’s digital
IF. In one embodiment, asymmetric filtering can i1solate half
the band (e.g. for L5) such that the receiver can observe
frequency selective multipath with either haltf band and/or
the whole band (can be done 1n parallel).

According to one embodiment, the filter design 1s 1mple-
mented 1n the recerver such that any wideband interferer can
be accounted for 1n real-time (assuming some portion of the
band 1s unaflected). This eliminates the need for storage
large enough to contain all possible asymmetric filters.
Optimally, a combination of stored known asymmetric fil-
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ters and the ability to design new asymmetric filters may be
used to mitigate wideband interference 1n accordance with
an embodiment of the present disclosure.

As would be understood by one of ordinary skill 1n the art,
the present disclosure 1s generally applicable to various
types of known and/or unknown wideband interference with
many combinations of interferer amplitude and bandwidth
without deviating from the scope of the present disclosure.

FIG. 12 1llustrates an exemplary diagram of the present
apparatus, according to one embodiment. An apparatus 1200
includes at least one processor 1210 and one or more
non-transitory computer readable media 1220. The at least
one processor 1210, when executing instructions stored on
the one or more non-transitory computer readable media
1220, performs the steps of detecting wideband interference
in a received target GNSS signal and applying an asymmet-
ric filter to the received target GNSS signal to mitigate the
detected wideband interference. Moreover, the one or more
non-transitory computer-readable media 1220 stores mnstruc-
tions for the at least one processor 1210 to perform those
steps.

FIG. 13 1s an exemplary block diagram of an electronic
device 1301 1n a network environment 1300, according to
one embodiment. Electronic device 1301 according to one
embodiment may be, for example, a portable communica-
tion device (e.g., a smart phone), a computer, a portable
multimedia device, a portable medical device, a camera, a
wearable device, or a home appliance. However, this 1s a list
of examples, and an electronic device according to the
present disclosure 1s not limited to any of those listed and/or
described herein.

Referring to FIG. 13, electronic device 1301 in network
environment 1300 may communicate with an external elec-
tronic device 1302 via short-range wireless communication
network 1398 (or “first network™), or communicate with
another external electronic device 1304 or a server 1308 via
a long-range wireless communication network 1399 (or
“second network™).

According to one embodiment, electronic device 1301
may communicate with electronic device 1304 via server
1308. Each of electronic devices 1302 and 1304 may be
different or the same type ol device as electronic device
1301. According to one embodiment, all or some of the
operations described herein may be executed at one or more
external devices/systems (e.g., external electronic devices
1302 and 1304, or server 1308) rather than being executed
by electronic device 1301. For example, electronic device
1301 may request one or more external devices/systems to
perform at least part of a function or a service being
performed/executed. The one or more external devices/
systems receiving the request would transfer the suitable/
appropriate outcome of performing at least part of a function
or a service to the electronic device 1301. In this regard,
cloud computing, distributed computing, and/or client-
server computing technology may be used, for example,
with electronic device 1301.

Electronic device 1301 includes processor 1320, memory
1330, input device 1350, sound output device 1355, display
device 1360, audio module 1370, sensor module 1376,
interface 1377, haptic module 1379, camera module 1380,
power management module 1388, battery 1389, communi-
cation module 1390, GNSS module 1303, and antenna
module 1397. In one embodiment, one or more components
(e.g., haptic module 1379 or camera module 1380) may be
omitted from, or one or more other components may be
added to, electronic device 1301. In one embodiment, some
of the components may be implemented as a single inte-
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grated circuit (IC). For example, the sensor module 1376
(e.g., a fingerprint sensor, an 1ris sensor, or an illuminance
sensor) may be embedded 1n the display device 1360 (e.g.,
a display screen).

Electronic device 1301 has one or more internal commu-
nication and/or power transmission systems to which the one
or more components in electronic device 1301 are connected
for inter-component communication and/or power recep-
tion/transmission. Such systems allow the one or more
components to communicate data and commands amongst
themselves, as well as to provide timing, power, and other
signals. Such a system may be implemented via an inter-
peripheral commumication scheme, such as, e.g., a bus, a
general purpose mput and output (GPIO), a senal peripheral
interface (SPI), a mobile industry processor interface
(MIPI), and/or the like, as would be understood by one of
ordinary skill in the art.

Processor 1320 executes software (e.g., program 1340) to,
for example, control one or more hardware/software com-
ponents of the electronic device 1301, or perform various
data processing or computations. As at least part of the data
processing or computations, processor 1320 may, for
example, load a command or data received from a compo-
nent of the electronic device 1301 (e.g., sensor module 1376
or communication module 1390) 1n volatile memory 1332,
process/execute the command or the data stored in the
volatile memory 1332, and store the result 1n non-volatile
memory 1334. Processor 1320 includes a main processor
1321 (which may include, e.g., a central processing unit
(CPU) and/or an application processor (AP)), and an aux-
liary processor 1323 (which may include, e.g., a graphics
processing unit (GPU) and/or an image signal processor
(ISP). In this embodiment, auxiliary processor 1323 1s
implemented separately from main processor 1321, and may
be operable independently from, or in conjunction with,
main processor 1321. Auxiliary processor 1323 may be
adapted to consume less power than main processor 1321, to
execute one or more particular functions, and/or to be a part
of main processor 1321. Additionally or alternatively, main
processor 1321 and/or auxiliary processor 1323 may include
a sensor hub processor, a communication processor (CP), or
the like.

Auxiliary processor 1323 may control at least some of the
functions or states related to one or more components of the
clectronic device 1301 (e.g., display device 1360, sensor
module 1376, and/or communication module 1390) while
main processor 1321 1s in an inactive state (e.g., sleep).
Additionally or alternatively, auxiliary processor 1323 may
control at least some of the functions or states related to one
or more components of the electronic device 1301 together
with main processor 1321 while the main processor 1321 1s
in an active state (such as, e.g., executing an application).
Depending on the embodiment, one or more processors
(such as, e€.g., an 1mage signal processor or a communication
processor) and/or processor functions may be implemented
as part of one or more components of the electronic device
1301 (such as, e.g., camera module 1380 and/or communi-
cation module 1390).

Memory 1330 stores data, for examples, generated by
and/or used by one or more components of the electronic
device 1301 (such as, e.g., processor 1320 or sensor module
1376). Such stored data may include, for example, soitware/
executable instructions (e.g., program(s) 1340), input data,
output data, operating parameters/instructions, and the like,
as would be understood by one of ordinary skill in the art.
In this embodiment, memory 1330 includes volatile memory
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1332 and non-volatile memory 1334. The non-volatile
memory 1334 may include an internal memory 1336 and an
external memory 1338.

Program(s) 1340 stored in memory 1330 includes oper-
ating system (OS) 1342, middleware 1344, and

application(s) 1346, as discussed further below in reference
to FIG. 14.

Input device 1350 receives external commands or data
(such as from, e.g., a user) to be used by one or more
components of the electronic device 1301 (such as, e.g.,
processor 1320). The mput device 1350 may include, for
example, a microphone, a mouse, and/or a keyboard.

Sound output device 1355 outputs sound signals and may
include, for example, one or more speakers that may be used
for general purposes, such as playing multimedia or record-
ing, as well as for providing the audio component of a call.
According to one embodiment, the audio component of a
call may be provided by a separate component and/or only
partially by the speaker of sound output device 1355.

Display device 1360 provides images/video by means of,
for example, one or more of a display screen, a touch screen,
a hologram device, or a projector, and includes control
circuitry to control the one or more of the display screen,
touch screen, hologram device, or projector. According to
one embodiment with a display touchscreen, the display
device 1360 may include touch circuitry/sensor circuitry
(e.g., a pressure sensor) adapted to detect a contact/touch/
hover and/or to measure the force, trajectory, speed, relative
movement 1 3D space, etc., of such a detected contact/
touch/hover.

Audio module 1370 converts sound into electrical signals
and vice versa. Depending on the embodiment, audio mod-
ule 1370 may obtain sound via input device 1350, output
sound via sound output device 1355, input/output sound via
headphones connected by wire to connector(s) 1378 of the
clectronic device 1301, mput/output sound via headphones
wirelessly connected to the electronic device 1301, and/or
input/output sound via an external electronic device (e.g.,
clectronic device 1302) connected by wire or wirelessly with
the electronic device 1301.

Sensor module 1376 detects an environmental state (in-
cluding, e.g., a state of a user) external to the electronic
device 1301, and/or an operational state (e.g., power or
temperature) of the electronic device 1301 and then gener-
ates an eclectrical signal/data value corresponding to the
detected state. Sensor module 1376 may include, for
example, a gesture sensor, a gyro sensor, an atmospheric
pressure sensor, a magnetic sensor, an acceleration sensor, a
grip sensor, a proximity sensor, a color sensor, an inirared
(IR) sensor, a biometric sensor, a temperature sensor, a
humidity sensor, and/or an illuminance sensor.

Interface 1377 supports one or more interface/communi-
cation protocols for the electronic device 1301 to interface/
communicate with a wide variety of external electronic
devices. According to one embodiment, intertace 1377 sup-
ports, for example, a high definition multimedia intertace
(HDMI), a universal senial bus (USB) interface, a secure
digital (SD) card interface, an audio-based interface, a
radio-based interface, and/or the like, as would be under-
stood by one of ordinary skill 1n the art. Connector(s) 1378
include one or more physical connectors by which one or
more external devices/objects may be physically connected
with the electronic device 1301. Connector(s) 1378 may
include, for example, one or more of an HDMI input, a USB
mput, an SD card mput, an audio jack, an Ethernet plug,
and/or the like, as would be understood by one of ordinary
skill 1n the art.
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Haptic module 1379 converts an electrical signal into
mechanical vibration/movement to generate a tactile sensa-
tion or kinesthetic sensation for anyone holding electronic
device 1301. Haptic module 1379 may include, for example,
a motor, a piezoelectric element, and/or an electrical stimu-
lator.

Camera module 1380 captures still and/or moving
images/videos. Camera module 1380 may include and/or be
connected with lenses, image sensors, image signal proces-
sors, lighting devices (such as flashes or light diodes), image
generators for the user to see/aim the camera, and/or other
circuitry, as would be well-known to one of ordinary skill 1n
the art of implementing a photographing capability 1n a
portable device.

Power management module 1388 manages at least one of
the power input/supplied to the electronic device 1301,
battery 1389, and/or the power distributed among one or
more components ol the electronic device 1301. Power
management module 1388 may be implemented as at least
part of, for example, a power management integrated circuit
(PMIC). Battery 1389 may supply power to one or more
components of the electronic device 1301 and may be partly
or fully under control of power management module 1388.
Battery 1389 may include, for example, at least one of a
primary cell which 1s not rechargeable, a secondary cell
which 1s rechargeable, or a fuel cell.

Communication module 1390 supports wireless commu-
nication through wireless communication module 1392 and
wired communication through wired communication mod-
ule 1394. For example, communication module 1390 may
establish a direct communication channel between the elec-
tronic device 1301 and an external electronic device (via a
wired connection using wired communication module 1394
and connector(s) 1378) and/or establish a wireless commu-
nication channel between the electronic device 1301 and the
same or another external electronic device (via a wireless
connection using wireless communication module 1392 and,
for example, antenna module 1397). Communication mod-
ule 1390 may include one or more communication proces-
sors that are operable independently from processor 1320
and are for establishing and/or maintaining wired and/or
wireless communication.

Wireless communication module 1392 supports at least
one of long-range wireless communication (such as, e.g.,
cellular network communication, wide area network (WAN)
communication, and/or any other long- to mid-range com-
munication) and short-range wireless communication (such
as, €.g., near field commumcation (NFC), Bluetooth™,
wireless LAN (WLAN) communication under any IEEE
802.11 or 802.15 standard, wireless-fidelity (W1-F1), infrared
communication under an Infrared Data Association (IrDA)
standard, ZigBEE™ and/or any other proprietary short-
range communication standards, and/or any other short- to
mid-range communication).

Wired communication module 1394 supports any practi-
cable wired communication, as would be understood by one
of ordinary skill 1n the art, such as, e.g., power line com-
munication (PLC), Ethernet communication such as those
under any IEEE 802.3 standard, optical internetworking,
connecting with the Internet, and/or any other communica-
tion/networking using any sort of wire capable of carrying a
signal or wired connector. Communication module 190 may
be implemented as a single component (e.g., a single 1C), or
may be implemented as multiple components/ICs (such as,
¢.g., the wireless communication module 1392 and wired
communication module 1394) that are separate from each
other.
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Communication module 1390 uses subscriber information
(e.g., mternational mobile subscriber identity (IMSI)) stored
in subscriber identification module (SIM) 1396 to i1dentily
and authenticate electronic device 1301 to a telecommuni-
cation network.

Antenna module 1397 may transmit or receive a signal
and/or power to or from the outside of the electronic device
1301. Antenna module 1397 may include a plurality of
antennas, where diflerent subsets of the plurality of antennas
are approprate/suitable for each of the different antenna-
based communication schemes/networks/protocols sup-
ported by communication module 1390.

GNSS module 1303 receives and processes signals from
satellites from one or more GNSSs. Broadly speaking, the
reception/processing of GNSS signals involves three phases:
acquisition, tracking, and positional calculation, resulting 1n
a “navigation solution”/PV'T/PNT. The present location of
any satellites, or Space Vehicles (SVs), 1n view 1s estimated
based on the GNSS receiver’s location, the time, and pre-
viously stored information concerning the orbits of the SVs
in view from one or more GNSS constellations. The result-
ing estimated azimuth and elevation coordinates for each SV
1s then used to “acquire” the actual rough locations of (at
least some of) the SVs using the GNSS signals presently
being recerved. Generally, acquisition involves (1) detecting,
cach SV signal 1n code delay (in most GNSS systems, each
SV has its own CDMA code) and Doppler frequency; and
(2) determining the rough code delay and Doppler frequency
(and position) of any detected SV’s. The two dimensions of
code delay and Doppler frequency are often referred to as
the acquisition search space.

Using the coarse data——code delay, Doppler frequency,
and position—iIrom acquisition, the received GNSS signals
are line-tuned, or more specifically “tracked” using loops,
typically a delay lock loop (DLL) and a phase lock loop
(PLL). Once a certain level of tracking precision 1s met, the
data embedded 1n the GNSS signal can finally be decoded
and used to calculate the position, velocity, and/or exact time
of the present location of the GNSS recerver. These calcu-
lations are fed back into the process, thereby creating a
constantly repeating loop of estimating, selecting, tracking,
calculating, and updating.

FIG. 14 1llustrates an exemplary block diagram of pro-
gram(s) 1340 from electronic device 1301 in FIG. 13,
according to one embodiment. Program(s), application(s),
and other such terms may be used herein 1n the singular form
for convenience of explanation, and are not intended as
limiting 1n any sense.

Referring to FI1G. 14, program 1340 includes at least one
executable application 1346, middleware 1344, and at least
one operating system (OS) 1342 to control one or more
resources of electronic device 1301. OS 1342 may be any of,
for example, Android®, 105®, Windows®, Symbian®,
Tizen®, or Bada™. At least part of program 1340 may be
pre-loaded on electronic device 1301 during/after manufac-
ture and/or may be downloaded from or updated by elec-
tronic device 1301 connecting to an external system/device
(e.g., the electronic device 1302 or 1304, or the server 1308)
betfore/during use.

OS 1342 controls management of one or more system
resources (e.g., allocating, modifying, or deallocating pro-
cesses, memory, and/or power) of electronic device 1301.
Additionally or alternatively, OS 1342 may include one or
more driver programs to drive components within (or con-
nected to) electronic device 1301. For example, OS 1342
may have drivers for one or more of mput device 1350,
sound output device 13355, display device 1360, audio mod-
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ule 1370, sensor module 1376, mtertace 1377, haptic mod-
ule 1379, camera module 1380, power management module
1388, battery 1389, communication module 1390, the sub-
scriber 1dentification module 1396, or antenna module 1397.

Middleware 1344 provides various functions to applica-
tion 1346 such that a function or information provided from
one or more resources of electronic device 1301 may be used
by application 1346. Middleware 1344 includes application
manager 1401, window manager 1403, multimedia manager
1405, resource manager 1407, power manager 1409, data-
base manager 1411, package manager 1413, connectivity
manager 1415, notification manager 1417, location manager
1419, graphic manager 1421, security manager 1423, tele-
phony manager 1425, and voice recognition manager 1427,

Application manager 1401 manages the life cycle of
application(s) 1346. Window manager 1403 manages one or
more graphical user iterface (GUI) resources that are used
on a display screen. Multimedia manager 1405 1dentifies the
format appropriate to access/play a media file, and selects a
codec appropriate for the 1dentified format to encode/decode
the media file. Resource manager 1407 manages source code
of application(s) 1346 and/or the memory space of memory
1330. Power manager 1409 manages/momnitors the capacity,
temperature, and/or power of battery 1389, and/or deter-
mines/provides power-related information to be used for the
operations of electronic device 1301. According to one
embodiment, power manager 1409 may interoperate with a
basic mput/output system (BIOS) of electronic device 1301.

Database manager 1411 generates, searches, manages,
monitors, and/or modifies one or more databases which, for
example, may be used by application(s) 1346. Package
manager 1413 manages the installation and/or updates of
any application or updates that are distributed 1n the form of
a package file. Connectivity manager 1415 manages com-
munication connections between electronic device 1301 and
any external network/system/device. Notification manager
1417 notifies the user of the occurrence of an event (e.g., an
incoming call, message, or alert). Location manager 1419
manages/monitors/distributes locational 1nformation on
clectronic device 1301. Graphic manager 1421 manages
graphic eflects to be shown on display device 1360 or other
visual display.

Security manager 1423 provides system security and/or
user authentication. Telephony manager 1425 manages
voice/video call functions provided by electromic device
1301. Voice recognition manager 1427 provides a voice
recognition and/or voice-to-text function. For example,
voice recognition manager 1427 may transmit a user’s voice
data to server 1308, and receive, from server 1308, a
command corresponding to a function to be executed on
clectronic device 1301 based at least in part on the voice
data, or text data converted based at least 1n part on the voice
data.

Middleware 1344, as would be understood by one of
ordinary skill 1n the art, may turn on/ofl, alter/modity, delete,
and/or add managers/components. At least a part of middle-
ware 1344 may be implemented as part of OS 1342. As
would be understood by one of ordinary skill in the art,
middleware 1344 may include more, less, or different man-
agers/components than those listed here.

Application(s) 1346 include home application 1451,
dialer application 1453, short message service (SMS)/mul-
timedia messaging service (MMS) application 1455, instant
messaging (IM) application 1457, browser application 1459,
camera application 1461, alarm application 1463, contacts
application 1465, voice recognition application 1467, email
application 1469, calendar application 1471, media player




US 11,463,071 B2

21

application 1473, album application 1475, watch application
1477, health application 1479 (e.g., for measuring the degree
of workout or biometric information, such as blood sugar, of
a user), and environmental monitoring application 1481
(c.g., for measuring atmospheric pressure, humidity, or
temperature information).

According to one embodiment, application 1346 may
turther include, for example, an information exchange appli-
cation and/or a device management application. The infor-
mation exchange application supports information exchange
between electronic device 1301 and external devices/sys-
tems/networks. The information exchange application, for
example, may include a notification relay function adapted
to transier designated information/notifications correspond-
ing to an occurrence of an event (e.g., an alert, receipt of an
email, a call, an IM message, etc.) to an external electronic
device currently being used by the user. Additionally or
alternatively, the notification relay function may receive
notification information from the external electronic device
and provide the notification mformation to a user of elec-
tronic device 1301. The device management application
would manage one or more external devices/systems. For
example, the device management application may control
the power (e.g., turn-on or turn-ofl) and one or more
functions of external devices/systems (e.g., the adjustment
ol brightness, resolution, or focus of a camera wirelessly
connected to electronic device 1301). Additionally or alter-
natively, the device management application may support
the installation, updating, and/or deletion of one or more
functions/applications on one or more external devices/
systems.

The steps and/or operations described above 1n relation to
one embodiment may occur i a different order, or 1n
parallel, or concurrently for different epochs, etc., depending,
on the specific embodiment and/or implementation, as
would be understood by one of ordinary skill in the art.
Different embodiments may perform actions 1n a different
order or by different ways or means. As would be understood
by one of ordimnary skill in the art, some drawings are
simplified representations of the actions performed, their
descriptions herein simplified overviews, and real-world
implementations would be much more complex, require
more stages and/or components, and would also vary
depending on the requirements of the particular implemen-
tation. Being simplified representations, these drawings do
not show other required steps as these may be known and
understood by one of ordinary skill 1n the art and may not be
pertinent and/or helpful to the present description.

Similarly, some drawings are simplified block diagrams
showing only pertinent components, and some ol these
components merely represent a function and/or operation
well-known 1n the field, rather than an actual piece of
hardware, as would be understood by one of ordinary skall
in the art. In such cases, some or all of the components/
modules may be implemented or provided in a variety
and/or combinations of manners, such as at least partially 1in
firmware and/or hardware, including, but not limited to one
or more application-specific itegrated circuits (“ASICs”),
standard 1ntegrated circuits, controllers executing appropri-
ate 1nstructions, and including microcontrollers and/or
embedded controllers, field-programmable gate arrays (“FP-
GAs”), complex programmable logic devices (“CPLDs”),
and the like. Some or all of the system components and/or
data structures may also be stored as contents (e.g., as
executable or other machine-readable software instructions
or structured data) on a non-transitory computer-readable
medium (e.g., as a hard disk; a memory; a computer network
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or cellular wireless network or other data transmission
medium; or a portable media article to be read by an
appropriate drive or via an appropriate connection, such as
a DVD or flash memory device) so as to enable or configure
the computer-readable medium and/or one or more associ-
ated computing systems or devices to execute or otherwise
use or provide the contents to perform at least some of the
described techniques.

Various embodiments of the present disclosure may be
implemented 1n an integrated circuit (IC), also called a
microchip, silicon chip, computer chip, or just “a chip,” as
would be understood by one of ordinary skill 1n the art, in
view of the present disclosure. Such an IC may be, for
example, a broadband and/or baseband modem chip.

One or more processors, simple microcontrollers, con-
trollers, and the like, whether alone or 1n a multi-processing
arrangement, may be employed to execute sequences of
instructions stored on non-transitory computer-readable
media to implement embodiments of the present disclosure.
In some embodiments, hard-wired circuitry may be used 1n
place of or in combination with software mstructions. Thus,
embodiments of the present disclosure are not limited to any
specific combination of hardware circuitry, firmware, and/or
software. More specifically, depending on the embodiment
of the present disclosure, some or all of the steps and/or
operations may be implemented or otherwise performed, at
least 1n part, using one or more Processors running nstruc-
tion(s), program(s), interactive data structure(s), client and/
or server components, where such instruction(s),
program(s), interactive data structure(s), client and/or server
components are stored 1n one or more non-transitory coms-
puter-readable media. The one or more non-transitory com-
puter-readable media may be instantiated 1n software, firm-
ware, hardware, and/or any combination thereof.

A “processor” as used herein refers to any device config-
ured to perform one or more operations based on instruc-
tions, including, but not limited to, any general purpose
processor 1 communication with a storage medium from
which computer-readable 1nstructions can be retrieved, any
special-purpose processor configured to execute specific
types of instructions (such as a Digital Signal Processor
(DSP)), any special-purpose processor where some or all of
the instructions are hard-wired into the actual processor
design, any combination thereof, and/or any other type of
processor. A processor as used herein may take any form,
from a simple micro-controller to a completely seli-con-
tamned computing system having a bus, memory controller,
cache, etc., to a group or cluster of computing devices
networked together to provide greater processing capability
(e.g., distributed computing). A processor as used herein
may have one or more cores, and a multi-core processor
used to implement one embodiment of the present disclosure
may be symmetric or asymmetric. A processor as used
herein may include, without limitation, one or more ASICs,
standard integrated circuits, controllers executing appropri-
ate 1nstructions, and including microcontrollers and/or
embedded controllers, FPGAs, CPLDs, microprocessors,
and the like.

The term “non-transitory computer-readable medium”™ as
used herein refers to any medium that stores instructions
which may be provided to a processor for execution. Such
a medium may take many forms, including but not limited
to, non-volatile and volatile media. Common forms of
non-transitory computer-readable media include, {for
example, a tloppy disk, a flexible disk, hard disk, magnetic
tape, or any other magnetic medium, a CD-ROM, any other
optical medium, punch cards, paper tape, any other physical
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medium with patterns of holes, a RAM, a PROM, and
EPROM, a FLASH-EPROM, EEPROM, any other memory
chip or cartridge, or any other medium on which instructions
which can be executed by a processor are stored.

Thus, methods according to embodiments of the present
disclosure may be implemented by devices constructed to
perform the operations (such as hardware circuits), or imple-
mented as programs and/or higher-level instructions to be
provided to one or more processors for performance/imple-
mentation (such as instructions stored in a non-transitory
memory), and/of that includes machine-level instructions
stored 1n, €.g., firmware or non-volatile memory. Some or all
of any system components and/or data structures may also
be stored as contents (e.g., as executable or other non-
transitory machine-readable software instructions or struc-
tured data) on a non-transitory computer-readable medium
(e.g., as a hard disk; a memory;, a computer network or
cellular wireless network or other data transmission
medium; or a portable media article to be read by an
appropriate drive or via an appropriate connection, such as
a DVD or flash memory device) so as to enable or configure
the computer-readable medium and/or one or more associ-
ated computing systems or devices to execute or otherwise
use or provide the contents to perform at least some of the
described techniques.

Accordingly, embodiments of the present disclosure may
be implemented 1n a wide variety of computing architectures
and environments, as would be understood by one of ordi-
nary skill i the art. One or more logical operations of
embodiments of the present disclosure may be implemented
as: (1) a sequence of computer implemented steps, opera-
tions, or procedures runmng on one or more general use
programmable circuits, (2) a sequence of computer 1mple-
mented steps, operations, or procedures running on one or
more specific-use programmable circuits; and/or (3) inter-
connected machine modules or program engines within one
or more general use and/or specific-use programmable cir-
cuits. One or more processors used to perform one or more
steps and/or operations 1n accordance with embodiments of
the present disclosure may also perform other functions,
steps, and operations neither considered nor discussed
herein (e.g., the one or more processors being multi-func-
tional and/or capable of multi-tasking).

Depending on the embodiment of the present disclosure,
some or all of the steps and/or operations may be 1mple-
mented or otherwise performed, at least 1n part, on a portable
device. “Portable device” and/or “mobile device” as used
herein refers to any portable or movable electronic device
having the capability of recerving wireless signals, includ-
ing, but not limited to, multimedia players, communication
devices, computing devices, navigating devices, etc. Thus,
mobile devices include (but are not limited to) user equip-
ment (UE), laptops, tablet computers, portable digital assis-
tants (PDAs), mp3 players, handheld PCs, instant messaging,
devices (IMD), cellular telephones, global navigational sat-
cllite system (GNSS) receivers, watches, or any such device
which can be worn and/or carried on one’s person.

While certain embodiments have been described, 1t will
be understood that various modifications can be made with-
out departing from the scope of the present disclosure. Thus,

it will be apparent to those of ordinary skill 1n the art that the
present disclosure 1s not limited to any of the embodiments
described herein, but rather has a coverage defined only by
the appended claims and their equivalents.
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What 1s claimed 1s:
1. A method for a global navigation satellite system
(GNSS) recerver, comprising:
detecting asymmetric wideband interference in a received
target GINSS signal 1n relation to a center frequency of
a desired GNSS signal;

determining an asymmetric filter to mitigate the detected
asymmetric wideband interference, based on whether a
source of the detected asymmetric wideband interfer-
ence 1s known or unknown, the asymmetric filter hav-
ing a passband that includes but 1s not centered on the
center frequency of the desired GNSS signal, resulting,
in a filtered upper half and a filtered lower half of the
received target GNSS signal being asymmetrical with
respect to the center frequency of the desired GNSS
signal;

applying the asymmetric filter to the received target

GNSS signal mitigating the detected asymmetric wide-
band interference and outputting an asymmetrically
filtered signal; and

correcting at least one of a carrier phase oflset and a

change in code range 1in the asymmetrically filtered
signal.,

wherein the asymmetric filter 1s determined differently for

known and unknown sources of the detected asymmet-
ric wideband interference.

2. The method of claim 1, wherein the asymmetric filter
1s one of a bandpass filter and a band-stop filter.

3. The method of claim 1, wherein the source of the
detected asymmetric wideband interference 1s known, and
the asymmetric filter 1s a stored filter.

4. The method of claim 3, wherein the stored asymmetric
filter 1s one of a plurality of stored asymmetrical filters,
wherein each stored asymmetrical filter 1s for mitigating one
or more known or detected wideband interference sources.

5. The method of claim 1, wherein the asymmetric filter
1s a programmable filter.

6. The method of claim 5, wherein the asymmetric filter
1s programmed by a set of filter coellicients.

7. The method of claim 6, further comprising:

determiming the set of filter coetlicients based at least on

the detected wideband interference.

8. The method of claim 7, wherein the source of the
asymmetric wideband interference 1s known, and the set of
filter coetlicients 1s one of a plurality of stored sets of filter
coeflicients, wherein each set of filter coeflicients 1s for
mitigating one or more known or detected wideband inter-
ference sources.

9. The method of claim 7, wherein the source of the
asymmetric wideband interference i1s not known, and deter-
mining the set of filter coellicients based at least on the
detected wideband interference comprises:

calculating each of the set of filter coetflicients based on an
offset and bandwidth of the detected wideband inter-

ference.

10. The method of claim 9, wherein calculating each of
the set of filter coeflicients based on the oflset and bandwidth
of the detected wideband interference comprises:

generating an initial set of filter coeflicients for a sym-

metric filter having a pass band with a bandwidth

desired for the asymmetrical filter; and
calculating each of the set of filter coeflicients based on a

calculation using each of the initial set of filter coeth-
cients for the symmetric filter.
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11. The method of claim 10, wherein the calculation uses
the following equation:

Casymmerrf c [H] - Csymmerrf c [H] X e;*fﬂ (0 :N)

wherein:

n=the index for the set of complex coellicients, where
n=(0, 1, . . ., N) and N 1s the total number of filter

coeflicients;
C,ymmesicln]=the nth complex coetlicient of the set of N
initial filter coeflicients of the symmetric filter;
asymmericl1]=the nth complex coethicient of the set of N
filter coethicients of the asymmetric filter; and
{ =frequency translation; the offset from the center fre-
quency of the desired GNSS signal to the desired
passband of the asymmetrical filter.
12. A global navigation satellite system (GNSS) recerver,
comprising;
one or more non-transitory computer-readable media; and
at least one processor which, when executing instructions
stored on one or more non- transitory computer read-
able media, performs the steps of:
detecting asymmetric wideband interference 1 a
recerved target GNSS signal 1n relation to a center
frequency of a desired GNSS signal;
determining an asymmetric filter to mitigate the
detected asymmetric wideband interference, based
on whether a source of the detected asymmetric
wideband interference 1s known or unknown, the
asymmetric {ilter having a passband that includes but
1s not centered on the center frequency of the desired
GNSS signal, resulting 1n a filtered upper half and a
filtered lower half of the received target GNSS signal
being asymmetrical with respect to the center fre-
quency of the desired GNSS signal;
applying the asymmetric filter to the received target
GNSS signal mitigating the detected asymmetric
wideband interference and outputting an asymmetri-
cally filtered signal; and
correcting at least one of a carrier phase oflset and a
change in code range 1in the asymmetrically filtered
signal.,
wherein the asymmetric filter 1s determined differently
for known and unknown sources of the detected
asymmetric wideband interference.
13. The GNSS receiver of claim 12, wherein the asym-
metric filter 1s one of a bandpass filter and a band-stop filter.
14. The GNSS receiver of claim 12, wherein the source of
the detected asymmetric wideband interference 1s known,
and the asymmetric filter 1s one of a plurality of stored

C
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asymmetrical filters, wherein each stored asymmetrical filter
1s for mitigating one or more known or detected wideband
interference sources.

15. The GNSS receiver of claim 12, wherein the asym-
metric filter 1s a programmable filter programmed by a set of
filter coethicients.

16. The GNSS recerver of claim 15, wherein the at least
one processor which, when executing instructions stored on
one or more non-transitory computer readable media, further
performs the step of:

determining the set of filter coeflicients based at least on

the detected wideband interference.

17. The GNSS receiver of claim 16, wherein the source of
the detected asymmetric wideband interference 1s not
known, and determining the set of filter coeflicients based at
least on the detected wideband interference comprises:

calculating each of the set of filter coetflicients based on an
offset and bandwidth of the detected wideband inter-

ference.

18. The GNSS receiver of claim 17, wherein calculating
cach of the set of filter coetlicients based on an ofiset and
bandwidth of the detected wideband interference comprises:

generating an 1nitial set of filter coeflicients for a sym-

metric filter having a pass band with a bandwidth
desired for the asymmetrical filter; and

calculating each of the set of filter coeflicients based on a

calculation using each of the initial set of filter coeth-

cients for the symmetric filter.
19. The GNSS receiver of claim 18, wherein the calcu-
lation uses the following equation:

Casymmefrf c [H] :Csymm eric [H] X ef*fm (0 :N)

wherein:

n=the index for the set of complex coeflicients, where
n=(0, 1, . . ., N) and N 1s the total number of filter

coeflicients:
symmenicll]=the nth complex coetlicient of the set of N
initial filter coeflicients of the symmetric filter;
asymmesrid ] =the nth complex coetlicient of the set of N
filter coethicients of the asymmetric filter; and
t =frequency translation; the offset from the center fre-
quency of the desired GNSS signal to the desired
passband of the asymmetrical filter.

20. The GNSS receiver of claim 12, wherein a received
signal comprising the target GNSS signal comprises at least
one of a global positioming system (GPS) signal, a GLObal-
naya NAvigatsionnaya Sputnikovaya Sistema (GLONASS)
signal, a Galileo system signal, a BeiDou system signal, a
quasi-zenith satellite system (QZSS) signal, and an Indian
regional navigational satellite system (IRNSS) signal.
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